Non-competitive and non-threatening aspects of social hierarchy, such as politeness, are universal among human cultures, and might have evolved from ritualized submission in primates; however, these behaviors have rarely been studied. Honorific language is a type of polite linguistic communication that plays an important role in human social interactions ranging from everyday conversation to international diplomacy. Here, functional magnetic resonance imaging (fMRI) revealed selective precuneus activation during a verbal politeness judgment task, but not other linguistic-judgment or social-status recognition tasks. The magnitude of the activation was correlated with the task performance. Functional suppression of the activation using cathodal transcranial direct-current stimulation reduced performance in the politeness task. These results suggest that the precuneus is an essential hub of the verbal politeness judgment.
Introduction
Hierarchy is universal in social species, and organizes interindividual interactions and communication. Social cognition of dominance and ranking has been observed in species of primates (Bergman et al., 2003) , birds (Paz-y-Mino et al., 2004) , fish (Grosenick et al., 2007) , and ants (Blacher et al., 2010; Xu and Chen, 2010) . In primates, the relevance of social hierarchy is not confined to agonistic and sexual competition. Ritualized submission cues from losers can elicit social reconciliation in potentially aggressive encounters, reinforcing the social hierarchy (de Waal, 1986) . This kind of social behaviors observed in animals might be similar to human "politeness" (Brown and Levinson, 1987) . However, the influence of human "politeness" is complex and sophisticated in comparison with social behaviors of animals and ranges from everyday social etiquette to formal diplomatic protocols. Politeness can be defined as a behavior that is respectful and considerate of other people. Politeness is thus not merely the social cognition of dominance, but rather social behavior that often relates to hierarchy. This context-dependent behavior modification might require self-referential cognition of social hierarchy. Politeness can be expressed in both verbal and non-verbal way. For example, the * Corresponding author. Tel.: +81 75 751 3695.
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respect to the other person can be represented in special dress codes, facial expressions, gestures or bodily postures.
Regarding the verbal politeness, its formal manifestation is honorific language (verbally-expressed politeness directed toward higher-status individuals) (Fukada and Asato, 2004; Shibatani, 1990; Yoshimura and Macwhinney, 2011) . Humans commonly use polite language when addressing socially superior individuals; however, some languages, including Japanese, Korean, and Tibetan, include a complex system of honorifics, which represent "grammaticalized" outputs of politeness (Brown and Levinson, 1987) . In contrast to animals' submissive behavior, human verbal politeness is very sofisticated and related to multiple dimensions of social hierarchy, such as social intimacy/distance, age, profession and family/kinship.
Neuropsychological studies have reported impairments of social-hierarchy judgment associated with prefrontal cortex damage (Karafin et al., 2004; Mah et al., 2004) . Neuroimaging have also investigated the brain processing of social hierarchy (Cheon et al., 2011; Chiao et al., 2009b; Freeman et al., 2009; Marsh et al., 2009; Muscatell et al., 2012; Zink et al., 2008) . However, little is known about the neural representation of verbal politeness. A functional magnetic resonance imaging (fMRI) study showed involvement of Broca's area in grammatical aspects of honorific expression (Momo et al., 2008) . Moreover, a Japanese case report described a patient with semantic dementia who used honorifics in all situations (Kokuryu and Takechi, 2011) . However, to the best http://dx.doi.org/10.1016/j.neures.2014.10.009 0168-0102/© 2014 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
